The Argentine stem weevil, Listronotus bonariensis (Kuschel) (Coleoptera: Curculionidae), is an important introduced pasture pest in New Zealand. In this study geographical populations of this species were analysed using polymerase chain reaction-based randomly amplified polymorphic DNA (RAPD), in an attempt to determine the geographical origin of the pest. Morphologically indistinguishable individuals were collected from nine South American, five New Zealand and one Australian populations. Ten primers were screened for usefulness, two of which revealed significant, scorable polymorphisms between these populations. The results indicated that the sampled New Zealand L. bonariensis populations originated from the east coast of South America.
Introduction
The Argentine stem weevil Listronotus bonariensis (Kuschel) (Coleoptera: Curculionidae) is an introduced pest (Goldson & Emberson, 1980) attacking improved graminaceous pasture throughout New Zealand (Prestidge eta!., 1991) . The damage caused by this pest is estimated to range from SNZ 78-251 million annually (Prestidge et a!., 1991) . Native to South America, L. bonariensis is thought to have been accidentally introduced to New Zealand and Australia; it was first reported in New Zealand in 1927 (Marshall, 1937) and, with the advent of pastoral grazing, quickly achieved pest status.
Elucidation of genetic variation in geographical populations can be an important aspect of pest studies (Kambhampati et al., 1990; Roehrdanz & Johnson, 1988) , providing insight into the geographical origin of colonized populations (Kambhampati et a!., 1991) . Within the native habitat, the extent of genetic variation between geographical populations depends on several factors, including gene flow between populations and time since separation (Hartl, 1980; Templeton et a!., 1990) . Genetic differences within the introduced population can be the result of the genetic variation in the founder population, the number of *Correspondence 412 founding events and selection pressure (Baker & Stebbins, 1965) .
It is probable that L. bonariensis arrived in New
Zealand (and Australia) less than 100 years ago, and given that 2-3 generations a year are possible (Kelsey, 1958) only about 200-250 generations can have elapsed since its establishment. Given that the New Zealand environment resembles that of South America, it is thought that selection pressures in the native and colonized habitats would be comparable. That, together with the short time since introduction, suggests genetic similarity between the introduced population and the population of origin might be high. However, founder effect, random genetic drift and/or recurrent introductions could have altered the colonized populations' genetic make-up.
In order to define the origin of pest populations it is necessary to demonstrate genetic similarities between colonized and potential source populations. This type of study can use numerous tecimiques including phenotypic variation, allozyme data, DNA data (restriction fragment length polymorphisms, sequence analysis), morphometrical analysis, or behavioural differences. With small insects, one common difficulty encountered with DNA analysis is lack of material. In this study, this problem was overcome using poiymerase chain reaction-based randomly amplified polymorphic DNA (RAPDs) (Welsh & McClelland, 1990; Williams, eta!., 1990) . This relatively new technique offers advantages with respect to the amount of material needed and the fact that nothing need be known about the genomic organization of the organism. The technique has generated useful results in the identification of unique individuals (Smith et al., 1992) , detection of genetic variability (Chalmers et a!., 1992; Landry et a!., 1993) , race identification (Crowhurst et al., 1991) and generation of linkage maps (Paran et al., 1991) . The technique is becoming widely used (see Hedrick 1992 for a review of various current applications), and a review of potential applications has been given by Hadrys et al. (1992) .
Materials and methods

Sample collection
Adult L. bonariensis were collected from nine climatically diverse localities in South America between September 1989 and February 1990 (Fig. 1) . Methods of collection and transportation have been discussed elsewhere (Goidson et al., 1990) . Samples were then frozen at -100°C until use. Adult weevils were also collected from five localities in New Zealand in January and April 1992 (Fig. 2) Gore then taken from each pooled sample as templates for the RAPD reaction. This resulted in one reaction for each population and made it possible to select useful primers. Primers were designated as useful if they generated few, distinct bands which showed polymorphisms between populations. Primers that generated many bands (> 15 per sample) were designated as unscorable and not pursued. Of the 10 primers initially screened, two were selected as potentially useful.
These were primer 267/2 (5'-ACATAGACGG-3') and primer GT09 (5'-TCTGCCGTGA-Y).
RAPD reactions and electrophoresis RAPD reactions were carried out based on the methods developed by Williams et at. (1990) and Welsh and McCIelland (1990) . The 25-ul reactions Based on this protocol, the DNA from 12 individuals from each of the nine populations (except Brazil, in which case six individuals were used) was amplified by the two useful primers. This resulted in a banding pattern for each individual and also resulted in a population profile for each population. A negative control (without template DNA) was included in each set of reactions amplified. The same sample amplified with the same primer and under the same reaction conditions in different tubes on the same day or on different days resulted in the same bands (not shown). Amplification profiles were similar to those of DNA extracted from individual L. bonariensis wing muscles (not shown).
Scoring of bands
Only distinct bands were included in the data set. Each individual was scored for the presence (1) or absence (0) of every such band. This was done by initially scoring against a molecular weight marker (BRL 1 kb ladder) and assigning tentative identification numbers to each band based on approximate molecular weight. These band identification numbers were verified by running an aliquot of representative individuals from each gel that contained the band of interest side by side on a subsequent gel (verification gels not shown). Bands that ran at the same molecular weight were scored as the same band.
Data analysis
The presence/absence data matrix was analysed using the SAS procedure DISCRIM (Parker, 1987 ) (similar to Kambhampati et a!., 1992) . This procedure generated ordered canonical discriminant functions for the variables (bands). The means of three canonical discriminant functions for each of the sampled populations were plotted. The first two canonical discriminant functions were selected as the x and y axes. The third canonical discriminant function was selected as the z axis, perpendicular to the plane of the page, and is represented in Fig. 5 by relative size of the letters representing the plotted values.
The data were also analysed by cluster analysis and principal coordinate analysis to verify that the results did not depend on the type of analysis used. Similarity matrices were calculated from the data on band presence or absence for each individual. Genetic distance or similarity were determined by Jacquard similarity, genetic distance (Gower, 1985) , band sharing (Hedrick, 1985 , and references therein), and Nei and Li band sharing (Nei & Li, 1979) , again to provide cross-checks on interpretation. These individual similarity coefficients were reduced to population similarities by averaging individuals within populations.
The similarity coefficients presented in Table 1 used the band-sharing measure of similarity (Hedrick, 1985, and references therein). The Nei and Li measure of band sharing was calculated from population frequencies to give the similarity between two populations. This measure was determined in two ways, using positive frequencies only, and using both positive and negative frequencies.
Dendrograms were constructed from the similarity matrices by hierarchical cluster analysis with an average link option using the GENSTAT program (Genstat 5 committee, 1987) . The similarity matrices were also analysed in Genstat by principal coordinate analysis to generate a simpler display of the relationship between populations than the dendrogram.
Results
Primer GTO9 generated 28 bands and primer 267/2 generated 34 bands from the 174 L. bonariensis -.
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various molecular weights (e.g. Fig. 3, a and c) . The Australian population also generated a similar banding pattern (not shown). Conversely, the South American populations generated quite diverse population profiles (e.g. Fig. 3, b and d ). Using GTO9, there was an apparent similarity between the New Zealand, the Australian and the Uruguayan profiles (Fig. 3 , a and c, compared to b). The Buenos Aires profile was also similar to these (not shown).
Primer 26 7/2 resulted in two prominent bands (1600 bp and 700 bp) in the New Zealand (Fig. 4 , a and c) and Australian (not shown) populations. Other fragments were also generated, some individualspecific and others present in several individuals.
Again, the South American population profiles were quite distinct from one another (e.g. Fig. 4 , b and d). As with primer GTO9, primer 267/2 generated population profiles for the Uruguay and Buenos Aires populations, which closely resembled the New Zealand and Australian profiles (Fig. 4, a and c, compared to b) . The mean canonical variate scores for each population from the discriminant analysis (using the SAS procedure DIscRIM) of the presence/absence data matrix are plotted in Fig. 5 . The mean scores for the New Zealand and Australian populations clustered in the vicinity of the means for the Uruguay and Buenos Aires populations (Fig. 5) , supporting the initial impression based on visual examination of the gels. The population from Gore was slightly displaced from this cluster. In terms of the third canonical discriminant function (the z axis) The population similarity matrix calculated by reducing the full shared fragment similarity matrix between individuals is given in Table 1 . The New Zealand and Australian populations are most similar to each other and the Uruguayan population and to a slightly lesser degree to the Buenos Aires population. On the leading diagonal are values for within population similarity, which range from 0.388 to 0.647. Four of the six introduced populations (Lincoln, Ruakura, Welisford and Australia) exhibit a higher degree of within population similarity than the native populations. This reduction in intra-population variability is consistent with some sort of genetic 'bottleneck', such as a colonization event.
An example of the dendrograms generated using the band frequencies for each population is given in Fig. 6 . All five populations from New Zealand, the Australian population and Uruguay and Buenos Aires cluster as a distinct and separate group. This cluster was observed in all five dendrograms generated, with a minor amount of branch swapping noted. The clustering of the South American populations in some cases reflected the geographical distance separating the populations. For example, the Buenos Aires and Uruguay populations cluster together and are only about 60 km apart. The populations from Bahia Blanca and Rio Negro also cluster together and are less than 100 km apart. There also were clusters of populations that were separated by fairly large distances. For example, the population from Brazil clustered with the population from South
Chile.
Discussion
The bands generated using the RAPD technique are clearly genetic markers, albeit anonymous. The specific interpretation of these markers is open to discussion;
however, for the purposes of this study they have proved useful.
The profiles generated by these primers indicated that the populations in South America are distinct from each other. This result suggests that (within the limits of the technique) most of these populations are to some extent genetically isolated, consistent with the geographical and climatic barriers that separate them.
Within New Zealand, most of the populations sampled generated very similar profiles. This suggests that within the limits of sampling, there is a high degree of genetic similarity between populations throughout the country.
The population from Australia generated a very similar profile to the New Zealand populations, indicating a strong genetic similarity between the weevils sampled in these countries. This suggests either that one of these countries was colonized by L. bonariensis from the other, or that both countries were colonized from a single source.
The New Zealand and Australian profiles closely resembled the profiles from the east coast of South America (Uruguay and Buenos Aires), indicating that there was significant genetic similarity between these populations. It should be noted that the Buenos Aires and Uruguay collection sites were only about 60 km across the Rio de Ia Plata from each other.
The populations from Brazil and South Chile clustered together in all of the dendrograms generated (e.g. Fig. 6 ). This clustering suggested that, despite the vast distance separating them, these populations were genetically similar (although not to the extent of the New Zealand group). To our knowledge, this is the first reported study on the population genetics of L.
bonariensis, and the data suggest that there may have been some migration or colonizing events between these two populations. Further interpretation of the relationships between the South American populations may be possible using these data, but is beyond the focus of this study.
The dendrograms clearly showed that the South American populations clustering with the New Zealand/Australian populations are Buenos Aires and Uruguay. Although there was some branch swapping noted for the different dendrograms, this cluster was always present. The degree of similarity within this cluster is higher than between this cluster and the other South American populations. There is a lower degree of similarity between the rest of the South American populations, with the exception of Rio Negro and Bahia Blanca. Based on these results, the most likely geographical source of the introduced populations of L. bonariensis sampled in New Zealand and Australia is the Rio de la Plata region of South America.
The emphasis of this contribution has been to answer the question of where this pest originated and to make an approximation of when this occurred. Due to the geographical isolation of New Zealand and the limited flight capacity of L. bonariensis it is unlikely that L. bonariensis arrived in New Zealand prior to the onset of concerted trade and travel, about 150 years ago. It is also unlikely that any L. bonariensis have been introduced into New Zealand in the past 50 years, due to the strict importation and quarantine standards imposed. Thus, introduction has been limited to a finite time span. Exactly how this introduction occurred will never be known, but it is likely that L. bonariensis, being a grassland species, was present in the grasses or hay used as stockfeed on trading ships.
As an initial screen of the genetic makeup of the sampled L. bonariensis populations, RAPDs have provided new and useful information which will assist further research on this important agricultural pest.
The results presented here demonstrate the use of the RAPD technique, which may have wide application in studies of other populations.
